Coordination of Energy Efficient Sensing and Transmission in Cognitive Radio Networks by Imran, MA et al.
Coordination of Energy Efficient Sensing and
Transmission in Cognitive Radio Networks
Wuchen Tang, Muhammad Ali Imran, Rahim Tafazolli
Centre for Communication Systems Research, University of Surrey
Guildford GU1 7XH, Surrey, United Kingdom
Email: w.tang@surrey.ac.uk, m.imran@surrey.ac.uk, r.tafazolli@surrey.ac.uk
Abstract—To improve spectrum efficiency, cognitive radio (CR)
is designed to allow unlicensed (secondary) users to utilize the
licensed spectrum when it is not used by the licensed (primary)
users. Because of the dynamic nature of cognitive radio network,
the resource allocation targeting at best system performance
becomes more and more important. In this paper, a proposal
aiming at improving the energy efficiency for cognitive radio
networks and at the same time keeping an optimal system
performance, is provided. On one hand, the secondary users aim
to accurately sense the spectrum availability which costs them
in terms of energy. On the other hand higher sensing accuracy
is required to minimize the interference with primary users. An
optimal balance between these contradicting goals is required.
In this work, we simulate the eigenvalue ratio based detector
to evaluate the relation between sensing accuracy and energy
consumption. A sensing-transmission structure of secondary user
in CR networks is introduced and the channel access method is
simulated to analyze the normalized throughput.
Index Terms—Cognitive radio network; spectrum sensing;
network throughput; energy efficiency; eigenvalue ratio based
detection.
I. INTRODUCTION
As one of the important finite resource in wireless communi-
cation, spectrum bands should be utilized efficiently. However
it is reported by Federal Communications Commission(FCC)
that 70% of the allocated spectrum in US is not fully utilized
[1]. Under this motivation, the concept of cognitive radio
was firstly provided by [2] in 1999. With cognitive radio
technology secondary user is allowed to use free spectrum
bands licensed to primary users [3], [4], [5]. At the same
time, the primary user should be protected from interference
brought by secondary users. Besides spectrum efficiency, en-
ergy consumption is another significant parameter for current
wireless communication system because of slowly developing
battery technology and the environment issue. So how to use
cognitive radio technology in an more green way should be
carefully considered.
This paper provides a proposal aiming at improving the
energy efficiency for cognitive radio networks and at the same
time keeping an optimal system performance. Main objective
is to design an optimal scenario on how to build a balance
between energy consumptions of different functions in CR
networks and the designed optimal scenario should
• achieve the highest system throughput with energy con-
straint
• achieve the shortest transmission delay with energy con-
straint
• be able to implement coexistence of numbers of CR
networks with best performance
The main functions in cognitive radio networks are nothing
but sensing and data transmission. To build such a balance,
the relations between energy consumption and these two
functions should be analyzed, respectively. The rest of this
paper is organized as follows. Section II consists of two
subsections. Subsection A presents the state of art on spec-
trum sensing technology. Subsection B gives an overview on
energy consumption and throughput analysis in CR networks;
Methodology and simulation results of these two aspects are
given in section III. Finally we conclude the paper in Section
IV.
II. STATE OF ART AND PROGRESS BEYOND
In this part, the state of art on spectrum sensing algorithm,
and on energy consumption and throughput analysis in CR
networks are presented. Some current progress are introduced
and explained.
A. Spectrum sensing algorithms in CR networks
In cognitive radio networks, depending on sensing results
the secondary user will choose to access licensed channels
or to keep silent. So the spectrum sensing accuracy is a very
important parameter when an optimal scenario is designed.
The present literature for spectrum is still in its early stages
of development [6]. A number of different methods are pro-
posed for identifying the presence of signal transmissions,
which could be divided into energy detection based sensing,
waveform based sensing, cyclostationarity based sensing, co-
variance based sensing and matched filter sensing. As one of
covariance based sensing methods, eigenvalues based detection
of received signal covariance matrix is currently one of the
most effective solutions. Although the exact eigenvalues ratio
distribution is difficult to compute, this method is still an
ideal solution because it does not require prior information
of primary signal [7], [8], [9].
For the current progress on this issue, the close-formed ex-
pression of exact eigenvalues ratio distribution is exceptionally
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Fig. 1. Frame structure of secondary user.
complex to compute in practice. So an non-asymptotic spec-
trum sensing approach to approximate the extreme eigenvalues
was introduced [10] and an upperbound of extreme eigen-
values joint distribution was cited to derive the eigenvalues
ratio distribution [11]. All the corresponding analytical results
were compared with simulation results. Furthermore, another
eigenvalue based detector named geometric mean detector was
introduced [12] and the performance of the proposed detector
outperforms the traditional energy detector.
B. Energy consumption and throughput analysis in CR net-
works
To achieve the objective of this scenario, a tradeoff between
energy consumption and other system performance parameters
should be targeted. For the sensing function of CR networks,
[13] gave an energy efficient distributed spectrum sensing tech-
nology based on the combination of censoring and sleeping
policies. The results showed that an optimal sleeping and
censoring parameters could be found to achieve significant
energy savings. For data transmission in CR networks, an
sensing-throughput trade off problem was formulated in [14]
to choose an optimal sensing time for maximizing the achiev-
able throughput. And [15] proposed energy efficient based
transmission duration design and power allocation methods to
improve energy efficiency greatly while the target throughput
is also achieved. However, all these previous work considered
and optimized several parameters or functions separately, an
overall optimal strategy need to be organized.
In addition to the present work above, in this paper a CR
network with one secondary user and one primary user is
simulated to analysis the throughput of secondary user. The
sensing and transmission of secondary user are based on a
frame structure which is shown by Figure 1. A frame consists
of fixed sensing length τ and various transmission length T−τ .
The methodology and simulation results along with eigenvalue
ratio based detection in last subsection are given in the next
section.
III. METHODOLOGY AND SIMULATION RESULTS
A. Eigenvalue ratio based detection in CR networks
To design the energy efficient scenario for CR networks,
we need to find how the consumed energy impacts the sensing
accuracy. Sensing accuracy always depends on the the number
of samples N and the number of sensors K. The bigger of N
and K are, the more energy consumed for each sensing. Here
we take the eigenvalue ratio(ER) based detection for example.
Consider there are K collaborating secondary sensors and
each sensor collects N samples during the sensing time. The
collected samples from the K sensors will be forwarded to a
fusion center for combined processing. The combined K×N
data matrix X is
X =


x1,1 x1,2 · · · x1,N
x2,1 x2,2 · · · x2,N
...
...
. . .
...
xK,1 xK,2 · · · xK,N

 (1)
Detection problem is based on two hypotheses: H0 and H1,
where H0 denotes the target spectrum band is not occupied
by a primary signal (available):
H0 : xk,n = nk,n (2)
and H1 denotes the target spectrum band is occupied by a
primary signal (not available):
H1 : xk,n = hk,nsn + nk,n (3)
where k = 1, ...,K and n = 1, ..., N . nk,n here is complex
Gaussian noise with zero mean and unit variance. In (3),
the vector hk,n typically represents the propagation channel
between primary user and secondary users and s(n) stands
for the source signal to be detected. The received covariance
matrix is R = XXH , where H is the Hermitian conjugate
operator, and the largest and smallest eigenvalues of this matrix
are λ1 and λK respectively. The test statistic proposed for
eigenvalue based detection is
Z =
λ1
λK
(4)
Then Z is compared with the decision threshold γ to decide
if the target spectrum resource is occupied or not. If Z < γ
the detector outputs H0, otherwise H1. The decision threshold
should be precalculated, which is determined by the distribu-
tion of the test statistic Z.
Based on the explanations and assumptions above, we simu-
late this maximum-minimum eigenvalue detector with various
number of N and K to verify this issue. Two main parameters,
probabilities of missed detection and false alarm are calculated
and shown by the receiver operating characteristics (ROC)
plot. Figure 2 illustrates the performance of eigenvalue ratio
detector with various numbers of collected samples and fixed
number of sensors while Figure 3 shows the result with fixed
number of collected samples and various numbers of sensors.
Both the figures verify the fact that the bigger the values of N
and K are, the better sensing performance could be achieved,
which implies that sensing with better performance consumes
more energy.
B. Throughput maximization in CR networks
Compared with spectrum sensing, data transmission con-
sumes much more energy. When the secondary user should
transmit and how long the transmission should last need
to be carefully considered. The former problem depends on
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Fig. 2. Receiver operating characteristics for ER detector.
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Fig. 3. Receiver operating characteristics for ER detector.
the detection result of each sensing so here we consider
a frame structure which consists of fix sensing length and
various transmission lengths to maximize the throughput. We
assume that one secondary user and one primary user in the
CR network and the traffic of primary user is exponential
distribution, with mean of idle and occupied duration denoted
as α0 = 650 msec, α1 = 352 msec (VOIP traffic). The same
work was done in [16] so here we show the throughput not
only under VOIP traffic but also under heavy traffic with α0
= 350 msec, α1 = 600 msec. The sensing length is fixed and
set to 1 ms. We assume primary user is always transmitting
data at the rate of 20 msec/packet when it is active while the
transmitting rate of secondary user is 1 msec/packet when it
is on transmitting.
The simulation result is shown by Figure 4. It should be
note that the normalized achievable throughput is calculated
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Fig. 4. The normalized throughput for VOIP traffic and heavy traffic.
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Fig. 5. Probability of collision for VOIP traffic.
by the ratio of absolute throughput to channel capacity. Figure
4 shows the trend of normalized achievable throughput of
secondary user with various transmission durations. Two traffic
models are compared and it is observed that the throughput un-
der VOIP is higher than that under heavy traffic because under
heavy traffic the channel is more often occupied by the primary
user. Under each traffic model there is an optimal transmission
length which maximizes the normalized throughput.
Figure 5 shows the interference level between primary and
secondary user under VOIP traffic model. We assess the
interference using the probability of collision which is cal-
culated by the ratio of collided packets to the total transmitted
packet for primary user and secondary user, respectively. Any
collided packed will be considered lost. The collisions happen
only when primary user turns on during secondary user is
transmitting data. It is observed that both of users have higher
packet lost as the frame duration increases. This is because
the longer the frame is, the higher probability that the primary
user turns on when the secondary user is transmitting is. From
the curve of primary user, we can also see the extent that how
much the primary user is protected from the interference.
IV. CONCLUSION AND FUTURE WORK
In this paper, a proposal targeting at coordination of energy
efficient sensing and transmission in CR networks is provided.
An overall review of different functions in cognitive radio
networks and some related energy efficiency considerations
is given. Aiming at higher energy efficiency, current spec-
trum sensing algorithms are presented and eigenvalue based
detection is simulated to verify that the sensing accuracy
increases as sensing energy consumption increases. A basic
sensing-transmission structure in cognitive radio networks is
introduced and simulated to analyze the network throughput.
To implement this proposal, there are still other issues
to be resolved in the future. For example, how to allocate
power between sensing and transmission in CR networks for
maximizing throughput. In future most of the cognitive radio
networks will coexist with each other using CR technology
and optimal balance between sensing and transmission will
be a key to achieve high efficiency.
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